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FUCOSE CONTAINING PROTEOGLYCAN OR ACID GLYCAN AND THEIR PHARMACEUTICAL USE 
TECHNICAL FIELD : 

This i-v^ion reh.es .o a class of protean* having fucosylated acidic glycan 
side chLs bound to a protein backbone which have been found to — selecuvdy 
Xta of narura, Killer ^ ««- ^ ^ ^ " " 

immunostirnulants, e g., in the treatment of cancer and viral infecttons. 

PRIOR ART : 

The proteoglycans of the invention are produced by proliferating cells, for example 
by sponge cells, sfurchh, cells, and, in the case of higher animals (including humans , by 
emb Jl cells and tumor cells, .n one natural proteoglycan form the «^ 
Z ^000 ,0 30,000 H» extracellular or membrane-bound molecules havrng a protem 
haclcbone which is glycosylated with acidic glycan chains h.™g an unusua polysaccan 
sequent containing internal fucose. The structure of the acd,c glycan stde chams of the 
pZgTyl isolated from the marine sponge M^ona proliftra has been par,.* 
) chTcteLd (Spiumann, et al., I. Biol. Chem (1993) 268: 13378-13387, conten s 
Co^ed hiin by reference,, and we have 

invoL in cellular aggregadon (Msevic, et al., J. B,ol. Chan. (1987) 2*2. 5870-5877, 
Misevic e, al, J. Biol. Chem. (1990)265: 20577-20584 ; Mtsevc, e. al J. Bnl Chem. 
0993) 268 4922-4929, contents of all of these articles incorporated herem by reference). 
5 The p e^usly undescribed protein bacKbone of the M^J^ proteoglycan has 
now been isled and characterized, and novel proteoglycans denved from sponges of 
other genera have also been characterized, as described below. 

BRIEF DESCRIPTION OF THE INVENTION : 

It has now surprisingly been discovered tha, these compounds are potent stimulators 
of NK cells and yST cells. In particular, compounds of the invention isolated from an 
oreanism of all the phyla and preferably : 
6 . from organisms of the Phylum Porifera e.g., of the class Demospong,.e, 
35 especially of the order Poecilosclerida, family Microciorddae (e.g *«"»■-» 
morJana) or family Mycalidae (e.g., of the genus MycaU), or the order Hahchondnda, 
. wrH jhondridae (e.g.. of the genus or the order Hadromenda, famdy 

CONFIRMATION COPY 
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Clionidae (e.g., of the genus Cliona), or the order Haplosclerida, family Haliclonidae (e.g., 
of the genus Haliclond), 

♦ and/or from organisms of the phylum Echinodermata. 

These compounds have been shown to stimulate selectively different clones of NK 
cells and yoT cells. Moreover, it has been found that compounds of the invention have 
significant anticancer, especially antistatic, effects in vivo. It is believed that these 
anticancer effects are due to stimulation in vivo of NK cells and/or y5T cells. The precise 
mechanism of this stimulation is unclear, but without intending to be bound by a particular 
theory we suggest that these cells may be stimulated by polyvalent interacts with 
fucosylated acidic glycans of the class described herein and in this way can identify and 
destroy hyperproliferating cells expressing similar glycan structures. In a pathogeny case, 
where the hyperproliferating cells are not destroyed in this manner, it is beheved that 
although the'hyperproliferating cells produce these acidic glycans, they shed them or present 
them in monovalent form or other nonstimulatory or inhibitory form, thereby evading 
detection and destruction by NK cells and/or y5T cells specific for such acid 1C glycans. 
Application of the compounds of the invention stimulates NK cells and/or y5T cells specific 
for such cancer cells, thereby leading to their destruction. Additionally, the compounds of 
the invention are useful for stimulating NK cells and/or 7 5T cells against viral or retrowal 
infections. Finally, in monovalent form, the compounds of the invention are useful for 
inhibiting the activation of NK cells and/or Y 8T cells, thereby finding utility as 
immunosuppressants. 

The compounds of the invention are selective in their action, in that particular 
compounds of the invention stimulate only particular clones or subpopulations of NK cells 
or yST cells. No significant stimulation of B cells or aP T cells is observed, so undesirable 
immunostimulation, e.g., an allergenic or autoimmune response, is avoided. Despite this 
selectivity, all humans tested, from a variety of ethnic and racial groups, have cell 
populations capable of being significantly stimulated by the compounds of the invention. 
Compounds having the glycan structures of the class described herein are found in a wide 
variety of hyperproliferating cells from sponges to human tumors, thus the bas.c structure of 
the compounds is highly conserved. It is hypothesized that compounds of the class 
described herein act as signals for stimulating the body's defenses against unwanted 
proliferation of cancerous or infected cells, and that cancers or resistant viral .nfect.ons may 
arise when, as described above, these compounds are secreted in nonstimulatory form, 
i Among the examples described herein, it is noted that compounds of the invention isolated 
from those of the genus Microciona are more effective in stimulating NK cells, as described 
in example 1 below, whereas compounds isolated from the genus Halichondria are more 
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effective in stimulating y5 T cells, as described in example 9, thus selectivity among cell 
types receptive to this stimulation is also possible. 

DETAILED DESCRIPTION OF THE INVENTION 

5 

The invention thus provides 

1 Fucose-containing proteoglycans and acidic glycans, and/or fragment(s) 
thereof, preferably proteoglycans, e.g., isolated or capable of being isolated from embryomc 

10 or neoplastic tissue or from an organism of all the phyla and preferably from an organism of 
the phylum Porifera, e.g., as described above, especially of the genera Microciona and/or 
Halic hondria and/or Mycale and/or Cliona and/or from an organism of the phylum 
Echinodermata especially of the genus Lytechinus for use as a pharmaceutical or therapeut.c 
agent in vivo or for ex vivo therapy ; and pharmaceutical compositions comprising such 

1 5 compounds in combination with a pharmaceutical^ acceptable carrier or diluent. 

2 Novel fucose-containing proteoglycans and acidic glycans, and or fragments 
thereof, preferably proteoglycans, isolated or capable of being isolated from organisms of 
the genus Halichondria and/or Mycale and/or Cliona. 

3 . Novel fticose-containing acidic glycans capable of being isolated from a sea 
urchin of the genus Lytechinus, 

4 . A Fucose-containing acidic glycan for use as a pharmaceutical or therapeutic 
agent in vivo or for ex vivo therapy ; and pharmaceutical compositions comprising such 
compounds in combination with a pharmaceutical^ acceptable carrier or diluent ; and 
capable of binding to monoclonal antibodies of the type of these named "Block 2" and 
described in the reference "Misevic, et al., J- Biol. Chem. (1993) 268 : 4922-4929, 

5. A method of stimulating the proliferation of mammalian, e.g., human, NK 
cells and/or y5T cells comprising contacting said cells with a compound of the invention (a 
fucose-containing proteoglycan and acidic glycan, and/or fragment thereof, preferably a 
proteoglycan and/or fragm e nt(s) thereof, e.g., isolated or capable of being isolated from 
embryonic or neoplastic tissue or from an organism of the phylum Ponfera, or 
Echinodermata e.g., as described above, especially of the genera Microciona and/or 
Halichondria and/or Mycale and/or Cliona, and/or of the phylum Echinodermata especially 
of the genus Lytechinus, in an ex vivo setting or in vivo, e.g., as a vaccine; or a method of 
treating cancer (e.g., preventing or inhibiting onset, growth, or metastasis of a tumor), or 
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treating or preventing a viral or retroviral infection, in a mammal, e.g., man; comprising 
administering a pharmaceutical* effective amount of a compound of the urvenfon toa 
patient in need of such treatment; or the use of a compound of the mvenuon m the 
manufacture of a medicament for treatment or prevention of cancer or vral or retrovaral 
5 infections. 

6 The use of a fucose-containing proteoglycan or acidic glycan, or fragment 
thereof preferably a proteoglycan and/or fragment(s) thereof, e.g., isolated or capable of 
being isolated from embryonic or neoplastic tissue or from an organism of the phylum 
10 Porifera and/or Echinodermata, e.g., as described above, especially of the genera 
Microciona and/or Halichondrta, and/or Mycale and/or Cliona for the phylum Ponfera, 
especially of the genus Lyiechinus for the phylum Echinodermata for ex vivo stimulate of 
proliferation of NK cells and/or y5T cells. 

15 7 A method for screening for or detecting an immunosuppressive (e.g., NK 

cell and/or Y 5T cell inhibitory) compound comprising measuring proliferation of NK cells 
and/or 7 ST cells in a system containing an NK cell or Y 5T cell stimulatory concentrate of a 
compound of the invention in the presence and absence of a test compound; and compounds 
identified using such a method. 

20 

8 A gene coding for a protein capable of post-translational glycosylation to 
form the proteoglycan of the invention, vectors containing such a gene, and transformed 
cells especially (i) production cells, e.g., sponge cells, incorporating such a gene for use u> 
producing the desired proteoglycan at enhanced levels or (ii) cancer cells removed from a 
25 patient transformed with the gene so as to express the proteoglycan in stimulatory form, 
irradiated and reintroduced into the patient. The gene for Microciona proteoglycan can be 
isolated, for example, using oligonucleotide probes of a cDNA library based on the 
disclosed amino acid sequences. 

30 Appropriate dosages of the compounds of the invention will of course vary, e.g. 

depending on the condition to be treated (for example the disease type or the nature of 
resistance) the effect desired, and the mode of administration. In general however 
satisfactory results are obtained on administration orally, rectally, nasally, topically, or 
parenteral*, e.g. intravenously, for example by i.v. drip or infusion, at dosages on the order 

35 of from 0.01 to 2.5 up to 5 mg/kg, e.g. on the order of from 0.05 or 0.1 up to 1.0 mg/kg. 
Suitable dosages for patients are thus on the order of from 0.5 to 125 up to 250 mg ..v., e.g. 
on the order of from 2.5 to 50 mg i.v.. Pharmaceutical compositions of the invention may be 
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manufactured in convent manner, in a suitable acueous carrier, for example sterile 
buffered physiological saline. 

For « W» stimulation of cells, - Scribed more fully in .he example below a 
5 M amount e g., a, leas. 10 ml, of .he patient's Hood is removed, peripheral blood 

of a stimulatory concentration of a compound of the urventton, eg., 10-500 ug/ml, c.^100 

TptioJuy in the presence of n.2, and the culture is maintained 
Urease in 4. population of the desired cel, type is observed, e.g ca. M «d* 
10 Mowing stimulation of .he cells, .he cells are isolated from the me , urn, plac^n 

or acidic glycan derived from a marine sponge as described m the examples, but may also 
I prlXcan, acidic glycan or fragment thereof isolated from a culture of the cancerous 
15 cells to be treated. 

INDUSTRIAL APPLICATION : 

The compounds can be useful notably as pharmaceuticals, particularly as 
20 immunostimulants, e.g. in the treatment of cancer and viral infecuons. 

EXAMPLES : 

EXAMPLE . : Pr t par..i,» .( protective and acidic glycan. from Me™™.. vV- 
25 a. Extraction of proteoglycan from Microtias prolifira. 

Fresh marine sponges JW-rtW ^ d fr< "" ** ™ ™ 

(USA) are rinsed with 0.5M NaCl, O.lSg/l NaHCO, (buffer A) and cut tnto cubes 1x1 cm. 
£ cubes are incubated u, tbe buffer A (50% suspension) for ,2h a, «oC un er gen,. 
,0 rotation. After nation of the sponge cubes suspension through 

were two more times exacted with the buffer A using the same mcubatton 
supernatants are either combine, or separately centred at 3000 x, for 30 «. C 
and the obtained supernatant is again centrifuged a, .2,000 x gfor 40 nun a. «K. 6A. 
added ,0 the supernatant ,0 a concentration of 20mM. After 2-12 b gentle shaxmg a. room 
35 Mature, the precipitated proteoglycan is censed « 3000 x . for 20 mm » room 
temperature. The pelleted proteoglycan is dissolved in at lest 20 volumes of _0.5 M NaCl 
2m£ CaCt 20mM Tris pH 7.4 (buffer B) and centred a, 10,000 x g for 30 mm a 

I remove insoluble material. Supernatant was centring at ,00,000 x g for 4h a, 
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+ 4°C, and the pelted proteoglycan Solved in buffer B a, concentration of 1-2 mg/ml. 
To the dissolved pro.eog.ycan in buffer B soUd CsC. is added ,o nralce a 50% concentrator, 
and the solution is centrifuged in a SW rotor at 100,000 x 6 for 36h a. roorr , temperature^ 
The peUeted proteogrycan is dialed against buffer B and stored « +4°C ,n the presence of 

5 0.05% NaN 3 . 

The purified proteoglycan thus obtained exhibits the following characteristics: 

1) Molecular mass: 19,000 kD ± 20%. 
10 2) Sedimentation coefficient S 20W : 58 ±20%. 

3) Stability to enzymes: Not digestible with Chondroitinase A, B, C, 
Heparinase.Heparitinase.HyaluronidaseandKeratinase. 

4) Gelation: Forms gel in aqueous salt solution containing more then 6mM 
CaCl 2 or in deionized water. 

15 5) Shape determined with atomic force microscopy in l.qu.d and electron 

microscopy: circle of 400-500nm diameter with 10-20 arms 200-300nm long. 

6) Stability: circle portion dissociates from arms in aqueous salt solut.ons 
containing less then ImM CaCl 2 or in the presence of EDTA. 

7) Ca 1 * binding determined by flame ionization spectrometry: b.nds ca. 7000 
20 moles of Ca^/mole of proteoglycan at 2mM CaCI 2 and ca. 70,000 moles of Gemote of 

proteoglycan at 20mM CaCl 2 . 

8) Dissociation fingerprinting: Dissociation of proteoglycan by 1 /oSDi> at 
10 0°C gave nine fragments ranging from 38 - 1500 kD on a 5-20% linear grad.ent 
polyacrylamide gel after electrophoresis. These fragments had apparent molecular masses 

25 of LTsOO kD, 500 kD, 250 kD, 150 kD, 148 kD, 135 kD, 108 kD, 70 kD, and 38 YD 
EDTA and heating at 8 0 o C produced fragments of Mr 1500 x 10>, 250 x 1()3 on gel 
filtration chromatography. Trypsin digestion produced fragments of Mr 124 x 10 , 70 x 
10 3 27 x 10 3 , 10 x 10 } on gel filtration chromatography. 

30 Table I shows approximate amino acid (measured by HPLC pico-tag) and approximate total 
sugar composition (measured by gas chromatography after methanolysis, reacetylat.on and 

silylation) : . . 

This proteoglycan consists of approximately 36 % by weight protons and 64 A by we.ght 

carbohydrates. 
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Table I 



Intact proteoglycan (PG) 



Isolated glycans 
oacid 





molPG 


(mol Vo) 


Asx 


12,736 


13.4 


Thr 


8,196 


8.6 


Ser 


6,179 


6.7 


Glx 


11,475 


12.0 


Pro 


5,611 


6.0 


Gly 


12,484 


13.1 


Ala 


9,205 


9.7 


Val 


5,296 


5.8 


Met 


693 


0.8 


lie 


3,287 


4.5 


Leu 


6997 


7.4 


Tyr 


3,972 


4.2 


Phe 


3,530 


3.7 


His 


945 


1.0 


Lys 


1,261 


1.3 


Arg 


1,765 


1.8 


Total 


94,629 


100.0 



1.2 
0.6 
0.3 
0.7 
0.0 
0.5 
0.1 
0.0 
0.0 
0.0 
0.1 
0.0 
0.1 
0.0 
0.0 



(mol %) 

33.4 

16.7 
8.4 

19.5 
0.0 

13.8 
2.8 
0.0 
0.0 
0.0 
2.7 
0.0 
2.7 
0.0 
0.0 
0.0 

100.0 



mol carbohydrate , q j „/ \ 
mol PG ^ 



Fucose 


15,069 


33.9 


GlcUA 


4,602 


10.3 


Man 


4,602 


9.1 


Gal 


10,907 


24.5 


GlcNAc 


9,836 


22.2 


Total 


44,449 


100.0 



mol carbohydrate 
mol glycan 

9.9 
2.0 
2.7 
7.4 
6.3 
28.3 



(mol %) 



34.7 
7.2 
9.6 
26.1 
22.3 
100.0 



mol /mol PG 
S 0 4 ~ ^8,241 
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Standard deviation is less then 20% of each value. Asx signifies Asn or Asp; Glx s.grufies 
Glu or Gin. It is also noted that apparant amounts of He and Leu are somewhat vanable 
depending on the preparation. The amount of uronic acid determined colormetncaUy^s 
usually 2 times higher then the amount determined by gas chromatography. S0 4 
determined by HPLC ion chromatography after hydrolysis of PG. 

The N-terminal sequence of the backbone of the molecule is as follows: 

Seq. I Pro-Leu-Phe-Thr-Val-Pro-Le-Tyr-Val-Pro-Glu-Asp-Gln-Leu 
Seq. n Pro-Glu-Val-Gly-Val-Pro-Ile-Tyr-Val-Pro-Glu-Asp-Gln-Leu 
Seq. IE Pro-Val-Val-Gly-Val-Pro-Ile-Tyr-Val-Pro-Glu-Asp-Gln-Leu 
preferably Sequence I. 

Trypsin digestion of the molecule provides peptides having the sequences: 

Seq. TV Phe-Val-Val-Met-Arg 

Seq. V Pro-Gln-Asp-Pro-Phe 

Seq. VI Leu-Ala-Gly-Val-Val-Ile 

Seq. VII Pro-Gin- Ala-Ser-Ser-Gly 

Seq. Vm Ala-Ala-Gln-Trp-De-Gly-Gln-Lys 

b. Isolation of acidic glycans from theMicrociona prolifera proteoglycan 

Frozen proteoglycan as obtained above is extracted with water/methanol/chloroform 
3/8/4 V/V/V, and the nonlipid fraction was pelleted by centrifiigation at 4000 x g for 15 min 
at +4°C This extraction is repeated and the pellet is dried under a vacuum. The pellet is 
wetted methanol and resuspended in 0.1 MTrispHS, lmMCaCl 2 and 100-200ug Pronase 
(Calbiochem) (preincubated for 30 min at 60°C in 0.1M Tris pH 8, ImM CaCl, per l-2mg 
dried powder material), and the pellet is digested at 60°C for three days. Two more 

i equivalent portions of preincubated pronase are added at 24 h intervals. DNAse I ,s then 
added (30ug) and incubation is continued at 37°C in the presence of lOmM MgCl 2 . The 
digested sample is then treated again with pronase and chromatographed through G-25 
Sephadex (Pharmacia) column eluted with lOmM pyridine acetate pH 5, void volume 
fractions are collected and lyophilized, and the glycans thus obtained are dissolved in 50mM 

5 NaOH in the presence of 1M NaHBO, and incubated at 45°C for 16h (NaOH treatment 
may also be omitted). The glycans are passed through Dowex AG 50W-X8 column in H+ 
form (Bio-Rad) eluted with water, nonbound glycans are immediately neutralized and 
electrophoresed on a 5-20% or 10-40% linear polyacrylamide gradient gels (Tris/borate- 
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EDTA) and separated acidic glycans of Mr 200 x 10 3 are eluted from gels. (Optionally, the 
acidic glycans can be sepatated by gel filtration rather than electrophoresis). The isolated 
acidic glycan molecules are desalted using P-2 column (Bio-Rad) eluted with lOmM 
pyridine acetate pH 5, lyophilized and stored at -20°C. 

The acidic glycan fraction is comprised of two major glycans of apparent molecular 
mass determined by gel electrophoresis using glycosaminoglycan standards of ca. 200 kD 
and 6 kD. The glycans have the following molar composition (expressed as moles of 
monosaccharide units / mole of glycan), as determined by gas chromatography, as shown in 
Table H: 



9.00 kD elvcan 6 kD glycan 

Fuc 680 3 

Man 20 2 

Gal 180 5 

GlcNAc 190 14 

GlcUA 320 7 

Asn 1 1 

Standard deviation is less then 20% of each value. Per mole of proteoglycan, there are 20 
moles of the 200 kD glycan and 1000 moles of the 6 kD glycan. The glycans are not 
digestible with Chondroitinase A, B, C, Heparinase, Heparitinase, Hyaluronidase or 
Keratinase. They are soluble in aqueous solutions and do not form gels in 6mM CaCl 2 salt 
solutions. At higher concentrations, e.g. > 1 mg/ml water, they will undergo hydrolysis at 
room temperature. 

After partial acid hydrolysis of isolated glycans fragments were purified by ion 
exchange chromatography and high performance liquid chromatography. Methylation 
analysis sequential enzymatic and chemical degradation, ^H-NMR spectroscopy, and fast 
atom bombardment-mass spectrometry of three purified fragments showed followmg 
oligosaccharide structures : 
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Structure 1 

6 

PyroGalfJ 1 -4GlcNAc|3 1 -3Fuc 
4 

5 is repeated 1 000 times per mole proteoglycan. 
Structure 2 

GlcNAcPl-3Fuc 

3 
I 

so 3 

10 is repeated 2000 times per mole proteoglycan. 
Structure 3 

Galal-2Gal(31-4GlcNAcpi-3Fuc 

3 
I 

so 3 

15 

is repeated 2000 times per mole proteoglycan. 



20 



EXAMPLE 2 : Preparation of proteoglycans and acidic glycans from Halichondria panicea 

Extraction of proteoglycan from Halichondria panicea and isolation of acidic 
glycans from Halichondria panicea proteoglycan is performed as described m example 1 
Muicrocionaprolifera. The proteoglycan thus obtained has the following charactenst.es: 

1) Molecular mass: 1 0,000 kD + 20%. 

2) S edimentation coefficient of S 20W 42 ± 20%. 

4) Stability to enzymes: Not digestible with Chondroitinase A, B, C, 
Heparinase,Heparitinase,HyaluronidaseandKeratinase. 

5) Gelation: Forms gel in aqueous salt solution containing more then 6mM 
CaCU or in deionized water. 

This proteoglycan consists of approximately 79 % protein and 21 % carbohydrate 
by weight It has an approximate amino acid composition (as measured by HPLC paco-tag) 
and approximate total sugar composition (as measured by gas chromatography) as shown m 
Table m : 
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Table ni 

Amino acid composition and carbohydrate composition 



5 Intact proteoglycan (PG) 



— : : 

amino acid 


mol % 


Asx 


9.1 


Glx 


9.2 


Ser 


7.0 


Gly 


9.9 


Arg 


7.6 


Thr 


10.2 


Ala 


7.0 


Pro 


8.2 


Tyr 


4.6 


Val 


8.6 


Met 


2.5 


Cys 


0.1 


Be 


6.0 


Leu 


5.5 


Phe 


4.8 


Total 


100.0 



25 



carbohydrate (mol %) 



Fuc 


12.5 


Xyl 


1.9 


GlcUA 


3.2 


GalUA 


1.7 


Man 


16.7 


Gal 


36.2 


Glc 


13.6 


GlcNAc 


14.2 


Total 


100.0 




mol/mol PG 


so 4 - 


>6,250 
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Standard deviation is less then 20% of each value. Asx signifies Asn or Asp; Glx signifies 
Glu or Gin. It is also noted that apparant amounts of He and Leu are somewhat variable 
depending on the preparation. The amount of uronic acid determined colorimetrically is 
usually 2 times higher then the amount determined by gas chromatography. S0 4 " was 
5 determined by HPLC ion chromatography after hydrolysis of PG. 

Isolation of acidic glycans from this proteoglycan in the manner described in 
example 1 gives seven glycans having apparent molecular mass determined by gel 
electrophoresis using glycosaminoglycan standards of ca. > 1000 kD, 600 kD, 160 kD, 150 
10 kD.HOkD, 82, kD, and50kD. 



EXAMPLE 3 : Preparation of proteoglycans and acidic glycans from Mycale lingua. 

Extraction of proteoglycan from Mycale lingua and isolation of acidic glycans from 
Mycale lingua proteoglycan is performed as described in example 1 for Microciona 
prolifera. The proteoglycan thus obtained has the following characteristics: 



20 1) Molecular mass: 12,000 kD ± 20%. 

2) Sedimentation coefficient of S 20W 48 ± 20%. 

4) Stability to enzymes: Not digestible with Chondroitinase A, B, C, 
Heparinase, Heparitinase, Hyaluronidase and Keratinase. 

5) Gelation: Forms gel in aqueous salt solution containing more then 6mM 
25 CaCl 2 or in deionized water. 

This proteoglycan consists of approximately 58% protein and 42% carbohydrate by 
weight. It has an approximate amino acid composition (as measured by HPLC pico-tag) 
and approximate total sugar composition (as measured by gas chromatography) as shown in 
Table IV : 
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Table IV 

Amino acid composition and carbohydrate composition 



Intact proteoglycan (PG) 



5 





amino acid 


(mol %) 






10.8 




Glx 


9.6 




Ser 


6.3 


10 


Gly 


7.7 




Arg 


9.5 




Thr 


10.9 




Ala 


8.0 




Pro 


7.9 


15 


Tyr 


0.5 




Val 


9.0 




Met 


1.8 




Cys 


0.2 




De 


6.2 


20 


Leu 


6.0 




Phe 


5.6 




Total 


100.0 




carbohydrate 


(mol %) 



Fuc 


29.7 


Xyl 


1.0 


GlcUA 


11.5 


GalUA 


0.8 


Man 


11.0 


Gal 


15.3 


Glc 


16.7 


GalNAc 


6.3 


GlcNAc 


7.7 


Total 


100.0 



35 mol/mol PG 

S0 4 " > 12,000 



5 
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Standard deviation is less then 20% of each value. Asx signifies Asn or Asp; Glx sxgnrfes 
Glu or Gin. It is also noted that apparant amounts of He and Leu are somewhat variable 
depending on the preparation. The amount of uronic acid determined colormetncally .s 
usually 2 times higher then the amount determined by gas chromatography. S0 4 
determined by HPLC ion chromatography after hydrolysis of PG. 

EXAMPLE 4 : Preparation of proteoglycans and acidic glycans from Clionacelata : 

Extraction of two proteoglycans from Cliona celata and isolation -of acidic glycans 
from Cliona celata proteoglycans is performed as described in example 1 for Microcoria 
prolifera with the exception that precipitation with CaCl 2 could be omitted. Two 
proteoglycan designated CPG1 (more abundant in the first extraction) and CPG2 (more 
abundant in the second extraction) thus obtained has the following characterist.es: 

1) Molecular mass: CPG1 >20,000 kD ± 20%; CPG2 6,000 kD. 

2) Sedimentation coefficient of CPG1 S 20W 125 ± 20%; CPG2 26 S 20W ± 20%. 

4) Stability to enzymes: Not digestible with Chondroitinase A, B, C, 
Heparinase, Heparitinase, Hyaluronidase and Keratinase. 

5) Gelation: Both proteglycans form viscous gels in aqueous salt solution 
containing more then 6mM CaClj or in deionized water. 

CPG1 consists of approximately 26 % protein and 74 % carbohydrate by we.ght 
(determined colorimetrically). CPG2 consists of approximately 32 % protein and 68 % 
carbohydrate by weight. They have an approximate amino acid composition (as measured 
by HPLC pico-tag) and approximate total sugar composition (as measured by gas 
chromatography) as shown in Table V : 



IS 
Table V 



Amino acid composition and carbohydrate composition 



Intact proteoglycan (CPG1) 



amino acid (mol %) 



Asx 



1.0 





Glx 


5.6 


10 


Ser 


7.1 




Gly 


10.6 




Arg 


23.6 




Thr 


18.1 




Ala 


0.7 


15 


Pro 


12.9 




Tyr 


8.3 




Val 


1.9 




Met 


2.4 




Cys 


0.3 


20 


lie 


1.0 




Leu 


1.3 




Phe 


0.8 




Lys 


4.3 




Total 




25 


carbohydrate 


(mol %) 




Fuc 


11.0 




Xyl 


2.2 




GlcUA 


9.4 




GalUA 


0.7 


30 


Man 


1.2 




Gal 


6.8 




Glc 


17.2 




GalNAc 


32.5 




GlcNAc 


19.0 


35 


Total 


100.0 



(CPG2) 



(mol %) 

7.8 

9.5 
11.3 
10.9 

6.0 



10.7 
0.7 
6.1 



12.8 
18.5 
16.2 
14.8 



mol/mol PG 
S0 4 " > 20,000 



mol/mol PG 
> 6,000 
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» « Gl, U is .so — * " 

5 determined by HPLC ion chromatography after hydro*™ of PG. 

EXAMPLE 5 : Prepare of «Uk f™> I*«cU«« pi«us = 

u a =,^1. sea water and pelleted embryos were extracted with 

10 wee washed wth «« P ^ M pelleled by 

water/me, f ^rnTa^C. This emotion Is repeated and the pellet is 
centnfugation at 400U xgioru nun ^ 

dried under a vacuum. The pellet is wetted in ethanol and resuspend d „ ,0.1 M Ins £ 8 ^ 
ImM CaCl and 100-200ug Pronase (Calbiochem) (premcubated for 30 nun at 60 C m 
ImM CaCl ; and ,00 — and th . pelle, is d,gested a. 

24 h inters. DNAse I is .hen added (30ug) and incubauon ,s continued . 37 C in he 

13 ^ IO k . „. ,„„, mi „ R .J| eluted with water, nonbound glycans 

Dowex AG 50W-X8 column m H + form (B.o-Rad eluted 

„e mtmediately neutraU^d - — ^ glycan5 of m, 200 , 

ZZ r^; « BloL 2 monoclonal antibodies of ref Misevic e. - 
30 mentioned above stored at -20°C. 

1) . Molecular mass: 580 kD ±20%. 

2) SedimentatiorrcoerEcient 8.5 S MW ± 20%. 

4) Stability to enzymes: Not digestive with Chondromas A, B, C, 
•j c Hpna rinase Heparitinase, Hyaluronidase and Keratinase. 

35 Hepannase, Hep^ ; dl .. interatto „. olj80meriziltion i„ aqueous sal. soluuon contanung 
more then 6mM CaCl, or in deionized water. 
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Table 




mol carbohydrate 


(mo 




mol acidic glycan 


Fuc 


737 


25.40 


Xyl 


108 


3.73 


Gal 


39 


1.34 


(Me 


12 


0.41 


Uronic acids 786 


27.10 


GalNAc 


506 


17.46 


GlcNAc 


712 


24.56 


Total 


2,900 


100.00 




mol/mol 




S0 4 " 


1.600 





Standi deviation U le» .hen 20% of each value. The amount of uronic acid determined 

chromatography. aU 4 
PG. 

EXAMPLE 6 : Ex vivo stimulation of human NK cells proliferation by Microciona proli/era 
proteoglycan and by its acidic glycans 

Human peripheral blood mononuclear cell (PBMC) are isolated from 10 ml of blood 
by centrifugation on Ficoll gradient (Pharmacia). Stimulation of PBMC proliferate wnh 
100 ug/ml acidic glycans or proteoglycans is performed in the presence of complete med.um 
(RPMI 1640 5% human AB serum, 2mM L-Glutamine, ImMNa pyruvate, non-e S sent,al 
anuno acids and 50,g/ml Kanamycin). After 5 days SUM of human recombmant £2» 
added . One half of medium is changed when it becomes ac,d IC . After 7, 14, 21, 28 and 
35 days cells were analyzed by FACS using antibodies against following - ark ^ D3 > 
TCR a P TCR y5, CD4, CD8 -T ceUs; CD16, CD56 - NK cells; CD20 - B cell; CD14 - 
«s. ResuKs from five different donors after 3 weelcs: In the PBMC ■ -"ated 
whh acidic glycans, NK cells population (CD 16 and CD 56 posmve) and (CD3 TCR ap, 
TCR Y5 CD4 CD 8 CD20 and CD14 negative) increased from 1-5 % to 30-80 /o ot tne 
total PBMC, whereas untreated controls remained at a level of 1-5 % NK cells. Specific 
Nation of NK cells proliferation by glycans was confirmed by H thyrrudme 
incorporation only in isolated clones of NK cells and not a P T cells .solated from the same 
PBMC cultures. 
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EXAMPLE 7 • £* vivo Ration of hucan NK ceUs probation b> MycaU and 
EXAMPLE 7. Be wM ^ toJMfcf ^p^«pnrt«*^ 
Cliona cetata proteoglycans and by its acidic grycan* 

• . «f human NK cells proliferation by Lytechinus pictus 

EXAMPLE 8 : Ex vivo stimulation of human K*. cei« v 

EXAMPLE 9 : — l" — i— — «" ** " 

Same cultures procedure as described in d. P«*» "^J^^ 
rec ep,or v,i.h an increase ta 5'/. to 20/, »"^«f P ^ 

glycans. 

EXAMPLE 1. : Anti-tumorogenic ana Metastatic act^ty of proteog.vcans from 
Microciorw prolifera (in vivo) 

Seven C-57 black .nice are injected i.p. wi,h 300ns pro.eog.ycan frorn M*™,™ 

^00, 0.2M NaCl, * ^^-2.^ — 

davs At day five, animals are injected withUAiy 

days. At aav . ^ prot eoglycan as descnbed above. The 

^ towth, survival of animals and appearance of metastasis are 

^ " a ^:"e"-r a, i— d r,ce <p - 0.004* and co m p,e,e 



increase in 
inhibition of metastasis. 



EXAMPLE 11 : Anti-tumorogenic and antUmetastatic activity cf proteog.ycans and tne.r 

acidic ^TL — — — and s were 

gim aartotoJI#i^«i^/«P nrt ^3 rcaB(6,viWj - . 
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EXAMPLE 12 : Cloning and expression of gene for proteoglycans from Microciona proUfera 

Proteoglycan (PG) cDNA is isolated from a random-primed cDNA library created 
using poly(A)*RNA from Microciona proUfera cells. This cDNA library is screened using 
the N-terminal amino acid sequence of PG described in example 1 above by colony 
hybridization techniques, i.e., expressing the library in an expression system, preferably 
coli lysing the colonies, e.g., on nitrocellulose filters, denaturing their DNA m s,tu and 
fixing it on the filter, hybridizing with labeled, preferably radiolabeled, oligonucleot.de 
probes of at least 30 base pairs having cDNA base sequences corresponding to all or a 
portion of the N-terminal sequence of PG, identifying hybridized colonies, and retrieving the 
corresponding vectors from the library, using chromosome walking techniques if necessary 
to isolate and characterize one or more cDNA fragments containing one or more regions 
coding for glycosylate sites for N-linked glycans. (Note that the cDNA is repetifve, so >t 
is not necessary to clone, isolate and characterize the entire sequence). Once the des.red 
portion of cDNA has been isolated, it is expressed in a suitable express^ system, 
preferably a eukaryotic system, most preferably a sponge. The PG is isolated from the 
sponge or from the culture medium of the expression system, e.g., using the procedures 
outlined above. 
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CLAIMS 

1. A fucose-containing proteoglycan or acidic glycan and/or fragments) 
thereof, for use as pharmaceutical. 

5 2 A fucose-containing proteoglycan or acidic glycan according to claim 1 

capable of being isolated from an organism of all phyla and preferably of the phylum 
Porifera and/or of the phylum Echinodermata. 

10 3 A fucose-containing proteoglycan or acidic glycan according to claim 2 

capable of being isolated from a marine sponge of the genus Microdot and/or 
Halichondria and/or Mycale and/or Cliona. 

4. A fucose-containing proteoglycan or acidic glycan capable of being isolated 
15 from a marine sponge of the genus Halichondria and/or Mycale and/or Cliona. 

5. A fucose-containing acidic glycan capable of being isolated from a sea urchin 
of the genus Lytechinus. 

20 6 A fucose-containing acidic glycan according to claim 1,2 or 5, capable of 

binding to monoclonal antibodies of the type of those named "Block 2" and described m the 
reference "Misevic, et al., J. Biol. Chem. (1993) 268 : 4922-4929. 

7 A method of stimulating the proliferation of mammalian NK cells and/or Y 5T 
25 cells of larger mammals, e.g., man, comprising contacting said cells with a compound as 
described in any one of claims 1-6. 

8. Use of a compound according to any one of claims 1-6 in 'the manufacture of 
a medicament for treating cancer or viral or retroviral infections. 

9 . A pharmaceutical composition comprising a compound according to any one 
of claims 1-6, together with a pharmaceutically acceptable diluent or carrier. 

10. A kit of parts for ex vivo stimulation of proliferation of mammalian NK cells 
35 and/or y8T cells comprising a compound as described in any one of claims 1-6. 
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H A method for screening for or detecting an immunosuppressive compound 
comprising measuring proliferation of NK cells and/or Y 5T cells in a system contammg an 
TTor v5T cell stimulatory concentration of a compound as described m any one of 
claims 1-6 in the presence and absence of a test compound. 
5 12 . All novel compounds, processes and utilities substantially as described 

herein. 
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